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ABSTRACT

This paper presents sample runs of the Dam Removal Express Assessment Models (DREAM) presented in the companionepalbh€2006):
DREAM-1 for simulation of sediment transport following the removal of a dam behind which the reservoir deposit is composed primarily of nol
cohesive sand and silt, and DREAM-2 for simulation of sediment transport following the removal of a dam behind which the upper layer of t
reservoir deposit is composed primarily of gravel. The primary purposes of the sample runs presented here are to validate some of the assum
used in the model and to provide guidance as how accurately the field data should be collected. Sample runs indicate that grain size distributi
the reservoir sediment deposit is the most important piece of information needed during the field campaign. Other than the grain size distributic
the reservoir sediment deposit, errors within a reasonable range in other parameters do not result in significant variations in the predioteal deposi
patterns downstream of the dam, although different magnitudes of sediment deposition may result from such errors. Sample runs also indicat
when the reservoir deposit is composed primarily of gravel, sediment deposition downstream of the dam following dam removal may not propa
far downstream of the dam, and may be limited to isolated reaches where sediment transport capacity is low. Farther downstream sediment depc
becomes progressively smaller due to the attenuation of sediment transport and gravel abrasion. When the reservoir deposit is primarilytiine sedi
however, there may be more extensive sediment deposition (both larger area and higher magnitude) downstream of the dam following dam ren
Dredging part of the sediment in advance reduces the downstream impact due to the reduced volume, and the extra distance provided by dre
allows for attenuation of sediment transport. Sample runs with staged dam removal indicate that it provides only limited benefit compared & a one-
removal in case the reservoir deposit is composed primarily of coarse sediment, but may provide significant benefits in case the reservoir depc
composed primarily of fine sediment. The benefits of a staged removal for the latter case include reduced magnitude and area of deposition as v
reduced suspended sediment concentration downstream of the dam.

RESUME

Cet article présente I'échantillon des tests du modele DREAM d'évaluation rapide des effacements de barrage présenté dans l'article assoc
Cui et al. (2006): DREAM-1 pour la simulation du transport de sédiment apres la suppression d’'un barrage derriere lequel le dépdt de retenu
compose principalement de sable non cohésif et de vase, et DREAM-2 pour simuler le méme phénoméne, mais dans le cas ou la couche sup
du dépét de la retenue se compose principalement de gravier. Les buts premiers de I'échantillon de tests présenté ici sont de valider certain
hypothéses utilisées dans le modéle et de fournir des conseils sur la maniére la plus sire dont les données naturelles devaient étre collecté
tests indiquent que la distribution de la granulométrie des sédiments dans la retenue est la plus importante information requise pendant la cam
de mesures de terrain. A part la granulométrie du sédiment, les erreurs, dans une mesure raisonnable, sur les autres parametres, n'induisen
variations significatives sur les configurations de dép6t obtenues en aval du barrage, bien que différentes quantités de dépét de sédiment pt
résulter de telles erreurs. Les tests indiquent également que quand le dépdt dans la retenue se compose principalement de gravier, le dépét de s
en aval, apres la suppression du barrage, peut ne pas se propager loin en aval, et étre limité aux biefs isolés ou la capacité de transport de sé
est faible. Le dépdt de sédiment plus loin en aval diminue progressivement en raison de I'atténuation du transport et de I'abrasion du gravier. Q
le dépdt dans la retenue est principalement du sédiment fin, cependant, il peut y avoir un dépdt de sédiment plus important (a la fois en étenc
en quantité) en aval aprés la suppression du barrage. Le dragage a I'avance d'une partie du sédiment réduit I'impact a I'aval grace a la réducti
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volume, et la distance supplémentaire fournie par le dragage permet I'atténuation du transport de sédiment. Les tests réalisés avec unpauppress!
étapes du barrage indiquent que cela ne fournit qu’un avantage limité comparé a une suppression d’un seul coup, dans le cas ou le dépbt de re
est composé principalement de sédiment grossier; par contre, cela peut fournir des avantages significatifs si le dépdt se compose principaleme
sédiment fin. Les avantages d'une suppression par étapes dans ce dernier cas comportent une réduction de la quantité et de I'étendue du ds
également une réduction de la concentration des sédiments en suspension en aval du barrage.

Keywords: Dam removal, dam decommissioning, sediment transport, numerical model.

1 Introduction calculations, the channel downstream of the dam is assumed to
have the same rectangular cross-sections as those for the flow
Dam removal has recently been emerged as a major engineeringalculation, and the channel cross-sections upstream of the dam
challenge in the U.S. and throughout the world. The key problemare assumed to be trapezoidal, allowing for bank erosion during
in a dam removal project is usually sediment management. In ahe period of downcutting. The surface-based bedload equation
dam removal project, the sediment deposited in the reservoir durof Parker (1990a,b) and the bed material load equation of Brown-
ing the period of dam operation can be mechanically excavatedie (1982) are employed in the models to calculate the transport
before the dam removal, or left in place so that the flow erodescapacities of gravel and sand, respectively. DREAM-1 simulates
and transports it downstream. In general, the expense of dredgthe transport of sand over a channel that can be any combination
ing the reservoir sediment deposit before removal is very largeof bedrock, gravel-bedded, and sand-bedded. DREAM-2 simu-
(e.g., ASCE, 1997); more often than not it is orders of magnitude lates the transport of gravel and sand over a channel that can be a
higher than the cost of simply removing the dam and the asso-combination of bedrock and gravel-bedded. Readers are referred
ciated facilities. Thus there are significant economic advantagego the companion paper (Cei al., 2006), for details.
if the sediment in the reservoir deposit can be left in place for  This paper provides sample runs of the DREAM presented in
natural erosion in a dam removal project. There are, howeverthe companion paper (Ceat al., 2006), to serve as sensitivity
many concerns if the reservoir sediment deposit is left in placetests for some of the key fixed and user defined parameters. The
before dam removal. For example, sediment eroded from thesensitivity tests to the fixed parameters (i.e., those defined by the
reservoir will deposit in the reach downstream of the dam, cre-authors of the models) provide the confidence for the underly-
ating the potential for flooding problems and damage to aquaticing assumptions of those parameters. The sensitivity tests to the
ecosystems. The excess sediment deposit may burry spawningser-defined parameters (i.e., input parameters by the modeler)
habitat; the high suspended sediment concentration may Kill orprovide guidance as how accurately the field data should be col-
stress aquatic species. In addition, the low dissolved oxygen andected. That is, the results of the sensitivity tests help answer
high nitrogen content of the sediment released from reservoirquestions pertaining to the effect of errors in the input data. The
may reduce or even temporally eliminate invertebrate popula-sample runs also demonstrate the zeroing process described inthe
tions, which are a major food source for fish. Useful reviews companion paper, by which some of the uncertainties in the input
on the geomorphic and biological effects following dam removal parameters can be reduced. The sample runs are not intended to
can be found in the August issue of BioScience, which is dedi- provide general understanding of the sediment transport char-
cated to the subject of dam removal (e.g., Pizzuto, 2002; Stanleyacteristics following dam removal, although the sample runs do
and Doyle, 2002). In order to make a decision as whether theshed light on certain aspects of such understandings. The general
reservoir sediment deposit should be left in place for natural behavior of sediment pulses in mountain rivers, which repro-
erosion in a dam removal project, the above concerns mustduces the effects of dam removal, was examined experimentally
be addressed. The first step toward addressing those concerrgy Lisle et al. (1997, 2001), and Cut al. (2003a), and numeri-
is to understand the sediment transport characteristics follow-cally in the generic model of Cui and Parker (2005) andeCal.
ing dam removal. The companion paper, (Y. Cui, G. Parker, [2003b].
C. Braudrick, W.E. Dietrich and B. Cluer, 2006), presents the  Most of the sample runs are for DREAM-2, the more com-
Dam Removal Express Assessment Models (DREAM), which plicated of the two models, and only three of the 14 sample
can serve as tools for evaluating sediment transport characterruns (Runs 6b, 6¢ and 11b) are applications of DREAM-1. The
istics at a cross-sectionally and reach-averaged scale in danparameters in DREAM-1 can be viewed as a subset of those of
removal projects. DREAM-1 is for simulation of sediment trans- DREAM-2, and thus, the sensitivity of the model to variation in
port following the removal of a dam behind which the reservoir most of them can be inferred from the sample runs of DREAM-2.
deposit is composed primarily of non-cohesive sand and silt,
and DREAM-2 is for simulation of sediment transport following
the removal of a dam behind which the upper layer of reservoir2 Zeroing process
deposit is composed primarily of gravel. Both models are one-
dimensional and apply a combination of the backwater equationA brief discussion of the “zeroing process” is provided in the
and the quasi-normal flow assumption in flow calculations. In companion paper (Cwat al., 2006). The zeroing process consists
calculating flow parameters, channel cross sections are simpli-of a series of model runs under an appropriately chosen reference
fied to rectangles of bankfull widths. For sediment continuity condition, during which certain input parameters are adjusted in
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order for the river to achieve a “quasi-equilibrium” state before spurious predictions of the model that are independent of dam
the dam removal simulation. Long-term processes such as thoseemoval.
associated with basin subsidence and gradual change to base level It should be noted in advance that the reference quasi-
control (e.g., Parker and Cui, 1998; Cui and Parker, 1998) areequilibrium so produced is a dynamic system that also experi-
generally neglected in this quasi-equilibrium assumption. The ences minor aggradation and degradation at different reaches over
zero process is based on the fact that (a) the numerical modetlifferent hydrologic conditions, although the long-term average
is a simplification of a complicated process, and (b) field data aggradation and degradation is not beyond what is expected in a
for model input, particularly estimates of sediment supply, often natural stream not subject to extreme. This realization is helpful
have relatively large errors. As a result, the input of the raw datain interpreting the predictions for the river after dam removal.
to the model will normally result in zones of spurious aggrada- Instead of examining the absolute aggradation and degradation,
tion and degradation over reaches where it had been observetbr example, it is of more value to examine bed level change and
to change only slowly in the years prior to dam removal. Here sediment transport rates relative to those of the reference state
guasi-equilibrium is used in a loose sense, corresponding to thidefore dam removal. Examples of the zeroing processes can be
slow morphodynamic change. found in the sample runs presented in this paper.

Here zeroing is applied to the zone of the study reach down-
stream of the dam. Sediment is supplied to this reach as if no dam
were present. The reference state is the longitudinal profile of this3  p5rametersin DREAM -2
zone immediately before dam removal. (The ideal reference state

is the longitudinal profile before dam installation, but this infor- T4pje 1 lists the major parameters for a DREAM-2 simulation.
mation is often not available.) The longitudinal profile and other Tpe jisted parameters include user-defined parameters (e.g., dis-
parameters are adjusted until an acceptable quasi-equilibriumpnarge record, sediment supply, abrasion coefficient for gravel),
state is realized. fixed parameters (e.g., active layer thickness), and parameters
The underlining assumption of the zeroing process is thatinat are calculated with similarity assumptions between different
the sediment transport equations used in the models can acCygaches (e.g., active channel geometry in the reach upstream of
rately calculate sediment transport capacities, even though it iSpe dam subsequent to dam removal). Some of the listed param-
understood that all sediment transport equations may potentiallyaters can be expected to be modified during the zeroing process,
contain relatively large errors, as seen in the DREAM-1 vali- 5 jisted in Table 1, and thus, their sensitivities to model results
dation in the companion paper (Cefi al., 2006). As a result  are ejther not testable or are already set by the results of the zero-
of the above assumption, it is realized that correct input to theing process (e.g., downstream channel gradient). In addition to
model under the reference condition should be able to reprone test of user-defined and fixed parameters, two sample runs
duce the quasi-equilibrium condition prior to dam construction. g, performed to demonstrate the cases of dredging (Run 10)
Modelers may adjust somewhat several of these input paramyng staged removal (Runs 11a and 11b). Overall 14 sample runs
eters, which are difficult to collect in the field and may have (Runs 1 to 5, 6a, 6b, 6¢, 7 to 10, 11a and 11b) are performed
very large potential errors, in order to achieve quasi-equilibrium. 5nq presented below. A total of 304 nodes were used in the sim-

Input parameters in this category include the sediment supplyy|ations, and the spatial increment for the simulations ranges
and the gravel abrasion coefficient. For example, the model will hatween approximately 20 and 800 m.

produce extensive spurious aggradation if the sediment supply to
the model is too high, and adjusting sediment supply to appro-
priate values will minimize such spurious aggradation. Similarly
a gravel abrasion rate that is too high or too low will result in
abnormalities in the referencg cqndltlon, e.g., aggrada}tlon in the 1 The prototype river and assumed reservoir deposit
upper reaches and degradation in the lower reaches in case of a
high abrasion coefficient, and degradation in the upper reachesSample runs were conducted for a hypothetical dam removal. In
and aggradation in the lower reaches in case the abrasion coebrder to make the data realistic, however, input data for the sam-
ficient is too low. By adjusting certain input parameters such asple runs are loosely connected to the proposed removal of the
sediment supply and the gravel abrasion coefficient, the modeMarmot Dam on the Sandy River, Oregon. This site is selected
should be able to produce a “quasi-equilibrium,” “post-zero- because the data are readily available to the authors from a con-
process” longitudinal profile that is very close to the existing sulting project (Stillwater Sciences, 2000) (see also Cui and
longitudinal profile downstream of the dam, and experiencesWilcox, 2006). In particular, the channel geometry and discharge
only the expected minor aggradation or degradation over timerecord are taken directly from the Sandy River, and the dam to
prior to dam removal. This post-zero process longitudinal pro- be removed is assumed to be located at the same location as the
file is used as the initial longitudinal profile downstream of the current Marmot Dam, as shown in Fig. 1. To demonstrate that
dam in the dam removal simulation. Because the initial pro- the model is capable of handling large dams, the dam is assumed
file is assumed to be in a quasi-equilibrium state, changes into be 30 m high as compared to the 14 m height of the Marmot
bed elevation and other parameters following dam removal canDam. Assuming an average width of sediment deposit of 50.5 m,
be interpreted as the direct results of dam removal rather tharwhich is the estimated averaged width of the reservoir deposit

Sampleruns
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Table 1 Major parameters in the model

Parameters Modifiable in  Other notes
zeroing
process?
Active layer No Active layer thickness is a fixed parameter. Active layer
thickness thickness is tested for sensitivity
Discharge No Daily average discharge record. Discharge is tested for
sensitivity.
Sediment supply  Yes Sediment supply includes the rate of supply, its grain size

distribution and abrasion coefficient. Sediment supply grain
size distribution should be determined by the grain size
distribution in the reservoir deposit. Sediment supply rate
and abrasion coefficient are tested for sensitivity

Downstream Yes Downstream channel gradient is given through bedrock

channel gradient elevation and thickness of fluvial deposit. The thickness of
fluvial deposit is adjusted automatically in the zeroing
process in such a way that it is close to the surveyed data and
experiences very small long-term aggradation or degradation.
Downstream channel gradient cannot be tested for sensitivity

Downstream Yes Downstream channel width is adjustablé 2% in the

channel width zeroing process, although such adjustment is not
recommended. Downstream channel width is tested for
sensitivity

Amount and grain  No The amount of reservoir deposit is specified through bedrock

size distribution of elevation, and width and thickness of the deposit. The grain

reservoir deposit size distribution of the reservoir deposit is specified at

different locations and depths in the deposit. Because the
width and depth of reservoir deposit can be estimated fairly
accurately, only the grain size distribution of the reservoir
deposit is tested for sensitivity

Active channel No Active channel in reservoir after dam removal is assumed to
geometry in the be trapezoidal, which is defined by bottom width and bank
reservoir slope. Bank slope is a fixed parameter in the model but is
following dam tested for sensitivity nevertheless. Bottom width is not a
removal direct input parameter but is calculated by assuming the

channel is similar to the reach immediately downstream of
the dam. The sensitivity for bottom width is nevertheless
tested by forcing it to different values

£ 3001 The dam is located at the same site as Marmot Dam upstream of the dam to its confluence to the Columbia River.
~ but i d to b h | in size. . .
g 2501 V15 assumedto be much argerin siee Reach-averaged channel gradient ranges between approximately
§ 2001 _Bull Run River confluence 0.01 atthe upstream reaches to approximately 0.0001 at the down-
2 1501 (the only major tributary downstream of the dam) B i !
W ] Assumed bedrock stream reach, as shown in Fig. 1. Channel width for the base run
2 ol (Run 1), measured from highquality aerial photograph and in the

0 , , , , : field, ranges between 24 and 168 m, as shown in Fig. 2. Figure 2

-10 0 10 20 30 40 50 indicates that the river runs through a narrow gorge between about

Ditance downstream from the dam (km) 4 and 10 km downstream of the dam with a bankfull channel width
Figure 1 Longitudinal profile of the Sandy River used for sensitivity of approximately 30 m. There are several tributaries to the river,
tests. The dam is assumed to be located at the current Marmot Dam sitenost of which are very small compared to the main stem Sandy
but with a height of 30 m, much taller than the 14-m Marmot dam. The Rjver. The only major tributary to the river is Bull Run River,
reservoir is assumed to be filled with sediment. which joins Sandy River approximately 21 km downstream of
the dam, as shown in Fig. 1. Interested readers can find a detailed
behind Marmot Dam (Cui and Wilcox, 2006), the estimated sed- reach-by-reach description of the Sandy River in Cui and Wilcox
iment deposit in the reservoir is about 4,800,000ompared to (2006).
the estimated 750,000%n the Marmot Reservoir. The reach of The reservoir deposit is assumed to be composed of two units
interest in the river is approximately 58 km, from about 10 km (layers) for the base run (Run 1); a coarser unit for the upper
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180 . Table 2 Water year series selected for the base run (Run 1), based on
- E 1?8: I—‘ o - Stillwater Sciences (2000) and Cui and Wilcox (2006)
% 5 & SOO awy o o o o °
E 5 158_ g o Ogogof:mogm o, %3 Yearin Water Peakflow Exceedance Annual Exceedance
g 8 804, 3 - s B0 ° € &L, oS baserun Year (ffs) probability  runoff probability
g 2 38: P °83f;g°?§®9§°£o § o tmitgfeke (Run 1) (recurrence X10°m?3) (recurrence
S 201 Yosccomg & Bull Run River confluence interval) interval)
0 . : . .
0 10 20 20 20 50 based on based on
Distance downstream from the dam (km) peak flow annual runoff
- > Bankfull ch | width of the Sandv Ri o 1 1991 371 0.55(1.82) 1.2 0.59 (1.69)
d;g”;etream O‘:’:\Aa‘;m; ;2?: widih ot the sandy River, Lregon, 5 1932 365 0.56 (1.79) 1.3 0.43 (2.33)
wns : 3 1951 215 0.91(1.10) 1.5 0.15 (6.67)
4 1991 371 0.55(1.82) 1.2 0.59 (1.69)
5128 LU Sl 5 1988 456 0.38(2.63) 1 0.77 (1.30)
500 :2 so | el 6 1949 334 0.67 (1.49) 1.4 0.25 (4.00)
250 coarserunit 3 40 A Il 7 1997 393 0.53(1.89) 1.6 0.40 (2.50)
S 2 S patlT 8 1992 425 0.48(2.08) 0.9 0.83 (1.20)
2801 0 Laleltill Ly | 9 1932 365 0.56(1.79) 1.3 0.43 (2.33)
E 2701 0.01 1 100 10 1948 546 0.29 (3.45) 15 0.15 (6.67)
.§ 260 - R, Grain Size (mm)
® RGN
S 250 4 ~N Dl
I 240- / R 600
assumed pre-dam bedrock control "~ | ——Sandy River USGS near Marmot Station
230 4 i . ~ ! |- - - Sandy River USGS below Bull Run River station
iner unit ~ o 5004 !
220 A S o :
~ — ?
210 r : r r ] Q) :
-10 8 6 4 2 0 T 4004 ;
Distance down stream from the dam (km) © i
2 300 .
Figure 3 The assumed reservoir deposit and grain size distribution for £
the base run (Run 1). Note the grain size distributions are for sample & 2004
runs only and may not be the same as the grain size distributions in the
current Marmot Reservoir. 1004
0 ; ; ; ; ; : :
layer deposit and a finer unit for the lower layer deposit as shown 101 1120 19 228 419  6/8  7/28  9/16
in Fig. 3. For simplicity, the grain size distribution for each unit Date

is assumed to be uniformly distributed in space. The upper layerFigure 4 Discharge record used for the first year's simulation for the
(coarser unit) is composed primarily of gravel with a small frac- base run (Run 1), based on the discharge record of water year 1991,
tion of sand and silt, and the lower layer (finer unit) is composed Which is approximately the average condition for both peak flow and
primarily of sand and small fractions of gravel and silt, as shown annual run-off.
in Fig. 3. The width of the reservoir deposit is assumed to be
120 m at the surface of the deposit. runoff, i.e., the exceedance probabilities for both the peak flow
Daily average discharge record at two USGS stations wereand annual runoff were close to 0.5 in that year (i.e., 2-year recur-
used for the sample runs: the USGS Sandy River near Marmotence interval). The rest of the years in the 10-year series were
gauge (station no. 1413700) is applied to the reach upstream o$elected randomly from the available record. The hydrograph for
the Bull Run River confluence, and the USGS Sandy River belowthe first year of simulation (water year 1991) in the base run
Bull Run River gauge (station no. 14142500) is applied to the (Run 1) is shown in Fig. 4.
reach downstream of the Bull Run River confluence. Discharges
and sediment supply from other small tributaries are neglected.
The sample runs are performed for an arbitrary 10-year period for
all the runs except for Runs 6b, 6¢, and 11b, in which reservoir Grain size distributions for the gravel2 mm) and sand supply
deposit is assumed to be composed of entirely sand. Runs 6b, 6¢52.5..m to 2 mm) upstream of the dam are assumed to be the
and 11b are simulated for 208 weeks, or approximately 4 yearssame as the gravel and sand portions of the cumulative grain
because of the very rapid transport of the finer reservoir depositsize distribution of the reservoir deposit, as shown in Fig. 5. The
The same 10 years selected for the Marmot Dam removal simuvolumetric abrasion coefficient (i.e., the fraction of volume lost to
lation in Stillwater Sciences (2000) and Cui and Wilcox (2006) abrasion for transport of a unit distance) is assumed to be 0.02/km
are used for the base run (Run 1) of the sensitivity test, as showrior the base run (Run 1), so that 2% of the gravel volume is lost to
in Table 2. The first year of the 10-year series was selected bysand and silt for every kilometer transported. Due to the presence
Stillwater Sciences (2000) and Cui and Wilcox (2006) based onoflarge reservoirs in Bull Run River, gravel supply from Bull Run
the average condition for both the annual peak flow and annualRiver is minimal and is completely ignored in the simulation. The

Sediment supply
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100 e i * Dam removal simulation results for the base run (Run 1)
- Sand are presented in Fig. 7(a) for cumulative (net) aggrada-
80 tion/degradation, Fig. 7(b) for annual aggradation/degradation,
_ and Fig. 7(c) for suspended sediment concentration. The annual
':Ej 60,77,,,,,,,77,1{,,,,77,,,,,,,77,,,;,,,77,,,,,,, aggradation/degradation is presented here because of its impor-
€ tance in ecological and biological evaluations. The results for
§ 40 / suspended sediment concentration are presented only for days 1,
. / 5, and 30 due to the difficulty in presenting large amount of data
20 / within the confines of a journal paper.
// Results in Figs 7(a, b) indicate that sediment deposit occurs
0 / only in selected locations, including immediately downstream
0.01 0.1 1 10 100 1000 of the dam (0-3 km), the reach immediately downstream of the

Grain Size (mm) gorge (6—13 km) where the channel becomes wider as shown in

Figure 5 Grain size distributions of sediment coarser and finer than Fig. 2, and immediately downstream of the Bull Run River con-
2mm upstream of the dam, estimated from the grain size distributionj ,ance (22-30 km) where the channel begin to have less bedrock

of the assumed reservoir deposit for the base run (Run 1). Note that theoutcrops (see Cui and Wilcox, 2006). Spatially, the magnitude of

rain size distributions is for sample runs only and may not be the same N . .
gs that of the Sandy River P y y aggradation in the three locations decreases in the downstream
' direction due to the attenuation of gravel transport (i.e., temporary

storage of sediment in upstream reaches) and abrasion of gravel

Table 3 Assumed sediment supply rates (ifymar) for the (Fig. 7a). Temporally, the annual aggradation decreases in time

base run (Run ) at all the three locations (Fig. 7b). Results in Fig. 7(c) indicate
Sandy river Bull run that suspended sediment concentration increased to 15,000 ppm
upstream of river on the first day following the removal near the dam. A 2000 ppm
the dam suspended sediment concentration is also predicted for day 30

Wash-load supply<€62.5-mm) 50,000 30,000 following the dam removal for more than two-thirds of the reach

Sand supply (62.5-mm — 2 mm) 3000 700 downstream of the dam.

Gravel supply £2 mm) 10,000 0 Results of the other sample runs are compared with the base

aThe sediment supply rates given here are for sensitivity tests only and run (Run 1) above. It needs to be noted in advance, however, that

may not represent the actual sediment supply rates in the Sandy River.  the comparisons are made qualitatively in most cases, although
guantitative comparisons are possible. The reason for the quali-
tative comparison is that it is often enough to infer the accuracy

assumed sediment supply rates for the base run (Run 1) are giveﬂeeded for a particular parameter, which is the focal point of most
in Table 3. They were selected as part of the zeroing processpfthe Sample runs. In addition, adetailed quantitative Comparison
A brief summary of the sample runs is provided in Table 4 and Would be excessively long for a journal paper.

discussed in detail below.
4.2.2 Run 2: test for athinner active layer thickness

The original publication of Parker (1990a,b) suggested that the

4.2.1 Runl: baserun active layer (surface layer) thickness varies in time. The imple-
The purpose of the base run is to define the condition to which thementation of a time-dependent active layer, however, requires
other sample runs are compared. Based on the hydrologic recorderation in numerical solution (e.g., Ceial., 1996), and often
given in Table 2, the gravel and sand grain size distributionsresults ininstability in calculation if not handled carefully. Exten-
in the sediment supply given in Fig. 5 and the sediment supplysive tests by the first author indicate that model results are usually
rates given in Table 3, zeroing was performed to adjust channehot sensitive to the choices of an active layer thickness, as long as
longitudinal profile, as discussed briefly in the companion paperthe choice is within the reasonable range, e.g., within a few grain
(Cui et al., 2006), and earlier in this paper. The longitudinal diameters of the coarsest particles. An example of such a test can
profile after the zeroing process is given in Fig. 6(a), along with be found in Fig. 4 of the companion paper (Gtiial., 2006),
the longitudinal profile that served as input to the zeroing processwhere the “simplified treatment” in the diagram also applied a
The aggradation and degradation of the channel bed over a 10fixed active layer thickness in addition to the simplified treatment
year period under the assumed reference conditions are shown ito the flow, while Cuiet al. (1996) and Cui and Parker (1997)
Fig. 6(b). treated the active layer as time dependent. The three sets of sim-

Results in Fig. 6(a) show that the zeroing process adjusts onlyulation produced almost identical results in bed elevation, grain
slightly the longitudinal profile, resulting in a very small adjust- size distribution and water surface profile. With that in mind,
ment in channel gradient, which is the driving force for sediment DREAM-2 employs a fixed active layer thickness while allow-
transport. Results in Fig. 6(b) show that channel bed aggradesng the grain size distribution within the active layer to change in
and degrades at different reaches during different years, but ovetime. A similar practice has been used in Cui and Parker (2005),
time the channel bed aggrades or degrades only modestly. Cui et al. (2003b, 2006), and Cui and Wilcox (2006); this paper
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Table 4 Brief summary of sample runs conducted

Variations in parameters

Brief description of major findings

See the detailed discussions in this section
(Section 4)

Results are similar to Run 1

Erosion and deposition processes were slower
during the altered first three years but similar
results to Run 1 starting year 4

Results are similar to Run 1

Depositional patterns are similar to Run 1.
Magnitude of deposition in certain areas
increased by 30%.

Results are significantly different from Run 1,
indicating that reservoir sediment grain size
distribution is a key parameter for a successful
simulation

Compare to Run 1, Run 6b produced reduced
impact period, increased magnitude
of sediment deposition, increased areal extent of
sediment deposition, and increased suspended
sediment concentration

Similar magnitude and areal extent of
sediment deposition but with a shorter impact
time compared with Run 6b

Results are similar to Run 1

Results are similar to Run 1

Results are similar to Run 1

Dredging about half of the reservoir sediment
deposit reduced the magnitude and areal
extent of downstream sediment deposition

Results are similar to Run 1

Reduced magnitude and areal extent of

Run 1 Run 1 is the base run for DREAM-2
(DREAM-2)
Run 2 Active layer thickness is reduced from of 0.5 m for Run 1
(DREAM-2) 100.25m
Run 3 Applied three consecutive years of dry flow conditions
(DREAM-2) (approximately 1.1-year recurrence interval) following dam
removal
Run 4 Bedload supply increased by 50% from Run 1. Larger
(DREAM-2) increases in bedload are also tested but they produced post zeroing
profiles that deviated too much from the original
input, and therefore are not analyzed
Run5 Gravel volumetric abrasion coefficient is reduced from 0.02/km
(DREAM-2) for Run 1 by a factor of 2 to 0.01/km. In addition,
bedload supply is reduced from 10,00&year for Run 1 to
3000 ni¥/year in order to reproduce observed longitudinal
profile during zeroing process
Run 6a Reservoir sediment deposit is assumed to have a coarser
(DREAM-2) grain size distribution than that used in Run 1
Run 6b Assumed sand-sized sediment deposit in the reservoir
(DREAM-1)
Run 6¢ Calculated sediment transport capacity is increased by a
(DREAM-1) factor of 2.2 compared with Run 6b with the assumption
that Brownlie’s sediment transport equation may have
under-predicted sediment transport rate
Run 7 Bank slope is reduced from°3%r Run 1 to 15
(DREAM-2)
Run 8 Minimum channel width upstream of the dam is increased
(DREAM-2) from 42m for Run 1to 84 m
Run 9 Channel width downstream of the dam is increased by 20%.
(DREAM-2) Bedload supply is reduced from 100,008/year for Run 1
to 50,000 mi/year to accommodate the reduced sediment
transport capacity due to increased channel width
Run 10 Slightly more than half of reservoir sediment is
(DREAM-2) mechanically dredged immediately upstream of the dam
before dam removal
Run 1la Identical to Run 1, except that the dam is removed in
(DREAM-2) stages
Run 11b Identical to Run 6b, except that the dam is removed in
(DREAM-1) stages

sediment deposition, reduced suspended
sediment concentration, but much longer time
of impact

offers the first documented test on whether different fixed active Fig. 8. Comparison of results for Run 2 and the base run (Run 1)
layer thickness values produce different model results. indicates that decreasing the active layer thickness by a factor
The default value for active layer thickness in DREAM-2 is of 2 results in very little change in modeling results, justifying
0.5m. This value is reduced to 0.25m in Run 2, or half of its a constant default value for active layer thickness in the model.
default value in the base run (Run 1). Results for Run 2 are givenlt needs to be mentioned, however, that in the event that the
only as cumulative (net) aggradation/degradation, as shown ingravel thickness above bedrock is less than the specified active
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layer thickness, the model automatically sets the local value to ®)
be equal to the thickness of the gravel deposit. 100000
£
4.2.3 Run 3: test for altered discharge series £ 10000
Run 3 tests the sensitivity of model results to the discharge § E i
record used for simulation. Because the years immediately after§ %
dam removal are most likely more important in the morphologic “%’% 1000 4 <+
development following a dam removal, and because a dry period § ‘g
following dam removal is the most unfavorable scenario in that § g
. . . . (3
it may result in a longer period of time for channel recovery, z ° 1001
. . . >
Run 3 applies a dry-year series for years 1, 2 and 3 following E

the dam removal. The dry-year series was selected so that both

annual run-off and annual peak flow have exceedance probabil- 10_10 . 0 20 0 o
ities of approximately 0.9 (i.e., 1..1-year recurrence mter.val, or Distance downstream from the dam (km)
flows that occur every year). This selected dry-year series was ©

applied to each of the first three years following dam removal, SOgjgure 7 (a) Cumulative (net) aggradation/degradation for the base run
replacing the first three years used in the simulation for the basqrun 1) following dam removal. (b) Annual aggradation/degradation for
run (Run 1). the base run (Run 1) following dam removal. (c) Suspended sediment
The dry-year selected for the first three years following dam concentration for the base run (Run 1) following dam removal at days
removal was water year 1987 (October 1, 1986 to September 301, 5, and 30. Suspended sediment concentrations after a longer period
1987), which had a peak flow of 23Gfa and annual run-off  of time following dam removal are similar.
of 0.87 x 10° m?, or exceedance probabilities of 0.83 (1.2-year
recurrence interval) and 0.91 (1.1-year recurrence interval) for Results for Run 3 are shown in Fig. 10(a) for cumulative (net)
annual peak flow and annual run-off, respectively. Other than theaggradation/degradation and Fig. 10(b) for suspended sediment
discharge for the first three years following the dam removal, all concentration. Comparison of the results of Run 3 with that of the
the parameters are kept the same as in the base run (Run 1). THese run (Run 1) indicates that the spatial distributions of aggra-
discharge for water year 1987 is shown in Fig. 9. dation and degradation are approximately the same for Run 3 and
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iment concentration following dam removal for Run 3: test for altered

Figure 9 Discharge record for water year 1987, which is applied to the ™ )
discharge series.

first three years following the dam removal for Run 3: sensitivity test for
hydrology.

the base run (Run 1), although there are observable differences -= SR :Z::;
in the magnitude of erosion and deposition. In particular, the ="V~ Year3
magnitude of aggradation and degradation for Run 3is smaller =~ NW_. Year 4
than those for the base run (Run 1) during the first three years, N\ M—_  _— Year 5

as expected. Those differences, however, become insignificant ........ .\~~~ Year 6
after year 3, when the discharge series for the two runs becomes -z B T Year7

identical. The implication is that the resulting channel morphol- =\ P~—"">———" :::Z

ogy following dam removal is more dependent on the mostrecent = "XF 7T 7 Year 10

high flow events and may be only very weakly correlated topre- ~~N¢{
vious hydrologic events. Suspended sediment concentrations for N

Run 3fordays 1, 5, and 30 are generally less than that for the base | i ; BasenRun 1) Run4,

run (Run 1), indicating the strong correlation between suspended -1° 0 10 2 %0 40 km
sediment concentration and water discharge. Figure 11 Cumulative (net) aggradation/degradation following dam

removal for Run 4: test for altered bedload supply.

4.2.4 Run 4 test for altered bedload supply

Run 4 tests the sensitivity of the bedload supply rate on the resultshe same as the base run (Run 1). Due to the increase in bedload
of the simulation. The bedload supply in Run 4 is assumed to havesupply rate, a new zeroing process is performed, and the resulting
the same distribution as that in the base run (Run 1), as shown irpost-zeroing process longitudinal profile is only slightly different
Fig. 5. The bedload supply rate upstream of the dam, howeverfrom that of the base run (Run 1). The spatial distributions of
is increased from 10,0003tyear for the base run (Run 1) by aggradation and degradation under reference conditions for Run 4
50% to 15,000 rifyear. All the other input parameters are kept and the base run (Run 1) are also differ only slightly.
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Results for the dam removal simulation for Run 4 are given Pamsite—_ : Vertical scale:  1gid=10m
only for cumulative (net) aggradation/degradation, as shownin . {X
Fig. 11. Comparison of results for Run 4 to that of the base ... — \}l.- > === Year 2
run (Run 1) indicates that increasing bedload supply by 50% -wo\fi-- > o Year 3
does not result in significant change in the magnitude and spatial ===\ e
distributions of the aggradation/degradation following the dam “====<CNE& " 07
removal. Such results are expected because the sediment suppl
is relatively small compared to the amount of sediment stored in
the reservoir. Having said that, however, one must realize that | = Mo 2 >~ .
the rate of sediment supply is important in that it may alter the ... X\ R AN — Year 10

post-zeroing process longitudinal profile significantly if it is NOt - e
chosenjudiciously. e\ b

Base run (Run 1)

. .. —1'0 (') 1'0 20 3'0 4'0 km
4.2.5 Runb5: test for altered gravel abrasion coefficient @
Run 5 tests the sensitivity of the results to gravel abrasion coeffi-
cient. Zeroing processes were performed for volumetric abrasion
coefficients of 0.05 and 0.005/km, an increase by a factor of
2.5 and a decrease by a factor of 4, respectively, from the base
run (Run 1) value of 0.02/km. In both cases the zeroing process
could not produce a longitudinal profile that was close to that of '
the pre-zero process, indicating that the abrasion coefficients are’
not reasonably close to the actual value in the river. '

The final volumetric abrasion coefficient adopted for Run 5

is 0.01/km, or a decrease by a factor of 2 from the base run
(Run 1) value. All the other input parameters except bedload
supply are kept the same as in the base run (Run 1). Due to’
the decrease in abrasion coefficient, the bedload grain size in’
Run 5 can be expected to be coarser than that in the base ruq’0 o 10 20 2 40 km
(Run 1), especially farther downstream of the sediment source. ®)

In addl_tlon, the bedloqd transport rate for Run 5 can be eXpe‘:teq:igure 12 (a) Cumulative (net) aggradation/degradation following dam
to be higher than thatin the base run (Run 1) farther downstreamemgoyal for Run 5: test for altered gravel abrasion coefficient. (b) Annual

from the sediment source if the rate of bedload supply is not aggradation/degradation following dam removal for Run 5: test for
reduced from that of the base run (Run 1) value. altered gravel abrasion coefficient.

Note that in Run 4 we have concluded that results of the
simulation were not particularly sensitive to changes in bed-
load supply. The bedload supply, however, needs to be adjuste
in order to achieve the quasi-equilibrium conditions under the

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10
Run 5

Base run (Run 1)

éor Run 5 at years 4 and 5 in the reach between approximately
8 and 12 km downstream of the dam increases by about 30% from
reference conditions. those in the base run (Run 1). One must realize, however, that a

04 | I i i -

A new zeroing process is performed before implementing 3_0/0 mcr_eas_e_ n th_e magn!tude of aggrada’qon mgy not be con
Run 5, in which bedload supply was adjusted so that the Ion_S|dered significant in a sediment transport simulation, as long as
gitudinal profiles before and after the zeroing process are similarthe spfafual distributions of aggra(_jatlon/degraqlatmn are similar.
In addition, the annual changes in bed elevation for Run 5 and

to each other. The adjusted bedload supply rate is 3G0gar, he b imilar both i ial distributi
reflecting a 70% decrease from the 10,060ymar value for the the base r_un (Run 1) are v_ery _S'm' ar both In spatial distribution
snd magnitude, as shown in Fig. 12(b).

base run (Run 1). The comparison between pre- and post-zeroin

process longitudinal profiles for Run 4 is only slightly different

from that of the base run (Run 1), and channel responses unde4.2.6 Runs 6a, 6b and 6¢: tests for altered grain size

reference conditions for Run 4 is also similar to that of the base distribution in the reservoir deposit

run (Run 1). Runs 6a, 6b and 6c¢ test the sensitivity to grain size distribution
Results of the dam removal simulation for Run 5 are shown in the reservoir deposit. In Run 6a, all the grain sizes in the grain

in Fig. 12(a) for cumulative (net) aggradation/degradation, andsize distribution of the coarser portios 2 mm) of the reservoir

Fig. 12(b) for annual aggradation/degradation. Comparison ofdeposit are doubled from the base run (Run 1) values. In Runs 6b

results in Run 5 to those of the base run (Run 1) indicates thatand 6c, the reservoir sediment deposit is assumed to be com-

decreasing the gravel abrasion coefficient by a factor of 2 doegposed completely of sand with a geometric mean grain size of

not change the spatial distribution of aggradation/degradation,0.5 mm and a geometric standard deviation of 2.55. Run 6b was

although it visibly increases the magnitude of aggradation down-conducted with the unmodified DREAM-1 while in Run 6c the

stream of the dam. For example, the cumulative (net) aggradatiorsediment transport capacity is augmented by a factor of 2.2 from
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Figure 13 (a) Cumulative (net) aggradation/degradation following dam
removal for Run 6a: test for coarser grain size distribution in reservoir 14 ‘ ‘ ‘ ‘ ‘
deposit. (b) Bed elevation in the vicinity of the dam following dam 10 0 10 20 30 40 %0
removal for Run 6a: test for coarser grain size distribution in reservoir Distance downstream from the dam (km)

deposit, in comparison with that for the base run (Run 1). ] ] ® ) ] )
Figure 14 (a) Cumulative (net) aggradation/degradation following dam

removal for Run 6b: reservoir deposit is composed completely of sand,
simulated with DREAM-1 without adjustment. (b) Weekly maximum

that predicted with Brownlie’s bed material equation (Brownlie, =" ) , )
. . aily average suspended sediment concentration following dam removal
1982). The factor of 2.2 is tested here because it produced goo , . o :

or Run 6b: reservoir depositis composed completely of sand, simulated

result in simulating the SAFL sediment pulse experiment Run ... 5eEAM-1 without adjustment.
4b (Cuiet al., 2003a). Details of the simulation of SAFL sedi-
ment pulse experiment Run 4b are presented in the companion
paper (Cuiet al., 2006). Other than grain size distribution in in the reservoir deposit, modelers can often get additional infor-
reservoir deposit, all other parameters are kept the same as in themation by grain size analysis of sediment deposits upstream and
base run (Run 1). As discussed earlier, the grain size distributionrdownstream of the reservoir.
of reservoir deposit and sediment supply can be expected to be It should be noted, however, that the modified grain size dis-
strongly correlated. For the sensitivity test purposes, howevertribution of Run 6a (all sizes in the grain size distribution are
the grain size distributions of sediment supply for Runs 6a, 6bdoubled) represents a change that is probably much larger than
and 6¢ remain the same as the base run (Run 1). the uncertainty in grain size distribution that can reasonably be
Results of Run 6a are shown in Fig. 13(a) for cumulative in actual dam removal studies.
(net) aggradation/degradation. Comparison of results in Run 6a Runs 6b and 6¢ were conducted for 208 weeks, or approxi-
to those of the base run (Run 1) indicates that model results arenately 4 years, within which all of the excess sediment moved
strongly dependent on the grain size distribution of the reservoirout of the modeled reach in Run 6c, and almost all in Run 6b.
deposit. For example, the reservoir deposit in Run 6a quickly sta- Results for Run 6b are shown in Fig. 14(a) for cumulative
bilized after two years following dam removal due to the much (net) aggradation/degradation, and in Fig. 14(b) for weekly max-
coarser sediment in the reservoir deposit, as shown in Fig. 13(b)imum daily average suspended sediment concentration (i.e., the
Results in Fig. 13(b) show that a large amount of reservoir depositmaximum daily average suspended sediment concentration in
is left in the reservoir reach and the fan delta immediately down- seven days), in which results are presented for only five weeks,
stream of the dam even ten years after the dam removal. Thaveek 1, 3,5, 10 and 30. Results in Fig. 14(a) indicate that the sed-
results of Run 6aindicate that modelers must be careful in acquiriment deposit in the reservoir initially elongates and disperses,
ing reasonably accurate reservoir deposit grain size distributiongeducing its amplitude to several meters. Subsequently the tail
before the modeling exercises. In addition to the possible coringof the sediment pulse translates downstream as the magnitude of
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moves out of the simulated reach much more quickly, i.e., approx-
imately 1 year for Run 6c verses 5-6 years for Run 6b, with
slightly higher suspended sediment concentrations. Comparison
of results of Runs 6b and 6c¢ indicate that it is very important to
collect field data in a dam removal project so that the model can
be validated and used with more confidence. In addition, results
in Runs 6b and 6c¢ indicate that consequences of removing dams
with sand deposits may be far more serious than in the case of
gravel deposits. In case of a gravel deposit in the reservoir, the
attenuation of gravel transport and abrasion of gravel result in
downstream sediment deposition only in relatively short and iso-
lated reaches. In case of a sand deposit in the reservoir, however,
a very long reach, i.e., the whole 50 km of the modeled reach in
@ the cases of Runs 6b and 6c, are affected by sediment deposition,
even though the duration of this deposit is shorter. In addition, the
removal of a sandy reservoir deposit produces much higher sus-
pended sediment concentrations, which can also be detrimental
to aquatic biota.

1 Week
2 Weeks

Wi

8 Weeks

16 Weeks

32 Weeks

64 Weeks

128 Weeks

208 Weeks

1000000

100000

10000
4.2.7 Runs7and 8: test for altered geometry of the active
channel in the reach upstream of the dam
As discussed earlier, the active channel in the reservoir reach is
assumed to be trapezoidal, quantified by the bottom width of the
channel and the slope angle of the two banks. The bank slope is
set at 38 as a fixed parameter in the model. The width of the
| , , , , , bottom of the active channel is allowed to change as the channel
-10 0 10 20 30 40 50 aggrades and degrades, within the restriction of a minimum width
Distance downstream from the dam (km) as discussed in the companion paper (&al., 2006). The rules

® as how the channel evolves during aggradation and degradation
Figure 15 (a) Cumulative (net) aggradation/degradation following dam ~5n pe found in the companion paper (€., 2006), and are not
rgmoval for Run 6c: reservoir deposit is compgsed completely of Sar,]d’described here. The minimum width is calculated by assuming
simulated with DREAM-1 and calculated sediment transport capacity . ., .. . . .
augmented by a factor of 2.2. (b) Weekly maximum daily average SUIS_S|m|Iar|t|es bgtween_ the active channel in the reservoir reach and
pended sediment concentration following dam removal for Run 6c: the Channe! immediately downstream of the dam. In Run 7 the
reservoir deposit is composed completely of sand, simulated with bank slope is reduced from the default 3615 for a sensitivity
DREAM-1 and calculated sediment transport augmented by a factort€St. The minimum width at the bottom of the trapezoidal channel
of 2.2. is calculated to be 42.0 m for the base run (Run 1). In Run 8 the

value of minimum bottom width is increased by a factor of 2 to
84.0 m while retaining the 3%ank slope.
the sediment deposit continues to decrease. The simulated evolu- Detailed results for Runs 7 and 8 can be found in Stillwater
tion of reservoir sediment is very similar to that observed in the Sciences (2002a) and are not presented here to conserve space.
SAFL sediment pulse experiment Run 4b presented ireCali Only a brief summary of the results is given below. (a) Decreasing
(2003a,b), which was used for DREAM-1 validation in the com- the bank slope from 350 15 or increasing the minimum bot-
panion paper (Cugt al., 2006). Based on the trend of movement tom width of the trapezoidal channel by a factor of 2 only slightly
of the sediment pulse, the sediment can be expected to move outduces the rate of reservoir erosion due to the wider erosional
of the modeled reach in 5-6 years. Results in Fig. 14(b) indicatecross sections for the two runs. (b) The annual aggradtion and
that Run 6b produces much higher suspended sediment concemtegradation for the altered bank slope or minimum bottom width
trations (e.g., as high as 100,000 ppm) than the base run (Rumre very similar to those of the base run (Run 1). (c) The depo-
1), in which the reservoir deposit is composed of a gravel-sandsitional patterns for the altered bank slope and minimum bottom
mixture. width are very similar to those of the base run (Run 1).
Results for Run 6¢, which augments the sediment trans-

port capacity calculated with Brownlie’s bed material equa- 4.2.8 Run 9: test for altered downstream channel width
tion (Brownlie, 1982) by a factor of 2.2, are shown in Run 9 tests the sensitivity of bankfull channel width downstream
Fig. 15(a) for cumulative (net) aggradation/degradation, and inof the dam to the model results. The bankfull channel width
Fig. 15(b) for weekly maximum daily average suspended sed-downstream of the dam is increased by 20% for Run 9 from its
iment concentration for weeks 1, 3, 5, 10 and 30. Results forbase run (Run 1) values. All the other parameters, except bedload
Run 6c¢ are similar to that for Run 6b except that the sedimentsupply rate, are kept the same as the base run (Run 1). It should

1000

Maximum daily average suspended
sediment concentration in a week (ppm)
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Base. run (Run 1) Run 9 ) : Base run (Run 1)

-10 0 10 20 30 40 km -1'0 0 1'0 20 3'0 4'0 km
Figure 16 Cumulative (net) aggradation/degradation following dam Figure 17 Cumulative (net) aggradation/degradation following dam
removal for Run 9: test for altered downstream channel width. removal for Run 10: test for dredging.

be noted that the active channel width upstream of the dam is

also increased by 20% because of the similarity assumption Ofvolume. By dre‘_jging the 3km reach gpstream.of the dam to
the channels as discussed in the companion papereCai bedrock, an additional 3 km for attenuation of sediment transport

2006). Due to the adjusted sediment transport capacity anndS made available. This is evidenced by the deposition upstream
the channel with the modification to channel width, the zeroing of the dam for years 1-6, which helped to significantly reduce the

process must be implemented and the bedload supply adjustegownstream .sediment deposition. The effect gfdredgjng is likely

in order to preserve similar longitudinal profiles before and after MOt @s €ffective as demonstrated in Run 10 if dredging volume

the zeroing process. The bedload supply rate is reduced from théS SMall and additional space for attenuation is not provided. An

base run (Run 1) value of 10,00 year by 50% to 5000 year example of such a case is provided in Stillwater Sciences (2002b),
for Run 9. which shows that dredging 230,006 300,000 cubic yards) of

Results of the dam removal simulation for Run 9 are presenteds_edlment in the Marmot Dam removal project will not provide

only for cumulative (net) aggradation/degradation, as shown in5|gnificant benefit.
Fig. 16. Comparison of the results of Run 9to those of the base run
(Run 1) indicates that increasing bankfull channel width down- 42 10 Runs 11a and 11b: test for staged removal

stream of the dam by 20% results in only minor changes in theryns 11a and 11b test the effect of staged removal on sedi-
magnitude and pattern of sediment deposition downstream of thenent transport characteristics. In Run 11a the reservoir deposit
dam. Interestingly, the increase in bankfull channel width down- js assumed to be the same as that in the base run (Run 1), i.e., the
stream of the dam also altered the erosion rate and pattern in theaservoir deposit is composed primarily of gravel. In Run 11b the
reach upstream of the dam. This result is caused in part by thgeservoir deposit is assumed to be the same as that in Runs 6b
increase of the active channel width upstream of the dam, so thagng 6c, i.e., the reservoir deposit is composed primarily of sand.

a smaller amount of degradation with a wider channel results inRyn 11a is simulated with DREAM-2 and Run 11b is simulated
same amount of sediment eroded as in the narrower channel ofith the unmodified DREAM-1.

the base case. In Run 11a the 30 m dam is removed in five stages, one each
year for five consecutive years. The dam is assumed to be 50 m
4.2.9 Run 10: test for dredging wide. In each stage a section of the dam is removed across its

Run 10 tests the effect of dredging on sediment transport characentire width. The first section removed is 10 m high and each of
teristics. The deposit shown in Fig. 3 is dredged to bedrock for the next four sections removed is 5 m high. This removal scenario
the 3km reach immediately upstream of the dam. The amountis arbitrary and for demonstration only, and does not represent
of excavated sediment is slightly more than half of the total any optimization of design. Other parameters in Run 11a are kept
deposit. Other parameters are kept the same as that in the baske same as those in the base run (Run 1). The staged removal in
run (Run 1). Results for Run 10 are presented only as cumula-Run 11b is essentially the same as that in Run 11a except that the
tive (net) aggradation/degradation, as shownin Fig. 17. Results iremoval interval is 26 weeks, or approximately 6 months, rather
Fig. 17 indicate that dredging the 3 km reach upstream of the danthan 1 year. Other parameters in Run 11b are kept the same as
to bedrock reduced downstream aggradation significantly. Thethose in Run 6b.

maximum deposition for the reach between 8 and 12 km down- Results for Run 11a are presented only for cumulative (net)
stream of the dam, for example, decreased to slightly more tharaggradation/degradation, as shown in Fig. 18. Results in Run
1 m from approximately 4 m for the base run (Run 1). It should 11a indicate that by removing the dam in five stages in 5 years,
be clarified, however, that the reduced downstream deposit ischannel deposition downstream of the dam decreases slightly for
not completely due to the reduced pre-dam removal sedimenthe first 5 years after the first stage removal. Upon completion of
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for a reservoir with gravel deposit may not be the best choice,
considering the large expenses involved in the staged removal
processes and the relatively minor benefit.

Results for Run 11b are shown in Fig. 19(a) for cumula-
tive (net) aggradation/degradation, and in Fig. 19(b) for weekly
maximum daily average suspended sediment concentration for
weeks 1, 3, 5, 10 and 30. In Fig. 19(a) the results consist
of five pairs of two profiles, with the first of each pair corre-

sponding to 1 week after a staged removal, and the second to

""""""""" Yearl 4 weeks after the removal. Comparison of results for Runs 11b
QY and 6b indicate that staged removal, even though not optimized,
\ : ; Baserun(Run1) Run f1a was able to reduce the magnitude of downstream aggradation

-10 0 10 20 30 40 km and to limit the aggradation to a low-gradient reach farther
Figure 18 Cumulative (net) aggradation/degradation following dam downstream than in the base run. Staged removal also reduced
removal for Run 11a: test for staged removal with the reservoir depositsuspended sediment concentrations significantly. Results in Run
composed primarily of gravel. 11bindicate that there may be major benefits to a staged removal
in case the reservoir deposit is composed primarily of sand
and silt. Having said that, one must recognize that high sus-
pended sediment concentration occurs only once for a period
of time following a one-shot removal, while it occurs follow-
ing each removal stage of a staged dam removal, posing a major
disadvantage.

4 Weeks

27 Weeks

30 Weeks

53 Weeks

56 Weeks
79 Weeks

82 Weeks 5 Conclusions
105 Weeks ______——
108 Weeks This paper presents sample runs to serve as sensitivity tests for
. / . . o ------------- the DREAM presented in the companion paper (€al., 2006).
10 0 10 20 30 40km Fourteen sample runs are performed, among them eleven runs for
(@) DREAM-2, the more complicated of the two models, which sim-
1000000 ulates sediment transport following the removal of a dam behind

e which the upper layer of the reservoir depositis composed primar-

100000 4 _‘_xzz‘; - ily of gravel. Three runs (Runs 6b, 6¢ and 11b) were performed
| —e—Week 30f for DREAM-1, which simulates sediment transport following the

100007 removal of a dam behind which the reservoir deposit is composed

primarily of non-cohesive sand and silt.

Results of the sample runs indicate that, in case the upper layer
of the reservoir deposit is composed primarily of gravel under
the tested geomorphic and hydrologic conditions, the sediment
deposit downstream of the dam occurs in isolated reaches not too
far downstream of the dam where the sediment transport capacity
is low (e.g., wider reaches). This result is partially dependent on

1000 +

100 +

Maximum daily average suspended
sediment concentration in a week (ppm)

-10 0 10 20 30 40 50

Distance downstream from the dam (km) the choice of conditions similar to the Sandy River near Marmot
(b) Dam, which is strongly controlled by bedrock both downstream

Figure 19 (a) Cumulative (net) aggradation/degradation following dam Of the dam and upstream of the existing reservoir deposit. Sedi-
removal for Run 11b: test for staged removal with the reservoir depositment deposition farther downstream of the dam decreases rapidly
composed primarily of sand. (b) Weekly maximum daily average sus- due to the attenuation of sediment transport and gravel abrasion.
pended sediment concentration following dam removal for Run 11b: |n case the reservoir deposit is composed primarily of fine sedi-
test for staged removal with the reservoir deposit composed primarily ment, however, the sediment deposit may cover the entire reach
of sand. shortly after dam removal for an extended period of time under the
geomorphic and hydrologic conditions tested. Although the total
the last stage of the dam removal, the deposition pattern downtime ofimpact for the removal of a dam with fine sediment deposit
stream of the dam becomes almost identical to that of the base ruiis shorter than thatin case of gravel deposit, the magnitude of such
(Run 1). Although the simulation presented in Run 11a does notimpact is much larger. In case of a gravel deposit, the sediment
represent any optimization, it still indicates that staged removaldeposition downstream of the dam occurs progressively, and thus
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the annual aggradation and degradation is usually small. Sensiemployees contributed to the development of the models, includ-
tivity tests indicate that grain size distribution of the reservoir ing Andrew Wilcox (now with Colorado State University), Frank
depositis the mostimportant piece of information to collect in the Ligon, JenniferVick (now with McBain and Trush), John O’Brien
field. Inaccurate grain size distributions in the reservoir deposit(now with US Forest Service), and Bruce Orr. Peter Downs
may result in erroneous simulation results. Other parameters areeviewed an earlier draft and provided many useful sugges-
relatively less sensitive to model results. Based on the sampldions. This paper is a contribution of the National Center for
runs under the assumed geomorphic and hydrologic conditionsEarth-surface Dynamics (NCED) based at St. Anthony Falls Lab-
errors within reasonable ranges in input parameters other than theratory, University of Minnesota, in which the University of
grain size distribution of the reservoir deposit may not result in California, Berkeley participates, and of which Stillwater Sci-
significant errors in the simulated downstream depositional pat-ences, Berkeley, California is a partner. The useful suggestions
terns, although there may be minor differences in the magnitudefrom two anonymous reviewers have been incorporated into the
of the deposit. The sample run under the scenario of dredgingmanuscript.
indicates that excavating sediment immediately upstream of the
damresults in less downstream sediment deposition, as expected.
This reduction of downstream sediment deposition is due to the
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Errata

Table 3 on page 313 should read

Table 3. Assumed sediment supply rates (in m’/year) for the base run (Run 1)

Sandy River
upstream of the Rull Run River
dam
Wash-load supply (< 62.5 um) 50,000 30,333
Sand supply (62.5 um — 2 mm) 3,000 700
Gravel supply (> 2 mm) 10,000 0

a. The sediment supply rates given here are for sensitivity tests only and may not
represent the actual sediment supply rates in the Sandy River.



